It has been shown (1, 2) that the oral administration of normal human gastric juice (intrinsic factor) together with beef muscle (extrinsic factor) causes increased blood production and clinical improvement in patients with addisonian pernicious anemia. Positive effects appear if a mixture of beef muscle and gastric juice, with or without preliminary incubation, is administered to the patient at pH 5 or 7 (2) . Since neither beef muscle (1) nor gastric juice (2, 3, 4, 5, 6, 7) when administered alone has a positive effect on blood production, it has been inferred that an interaction between these substances is essential for hematopoiesis (2, 3, 7) . Such clinical evidence, however, does not serve to indicate whether this interaction occurs in titro, witlhin the alimentary tract, or parenterally.
Until very recently, no evidence has been obtained of any chemical activity in sitro in neutral mixtures of beef muscle and gastric juice. Unpublished experiments made in 1930, in collaboration with Dr. C. W. Heath, on mixtures of beef muscle and gastric juice incubated in vitro at pH 7.4 resulted in no detectable increases in the amino nitrogen content of the mixture. Klein and Wilkinson's (8) claim that they have demonstrated the synthesis of the thermostable principle of liver by in vitro interaction of beef muscle and intrinsic factor from hog's gastric mucosa has not been sustained in our hands when ' The expenses of this investigation were defrayed in part by a gift to Harvard University from Smith, Kline and French Laboratories, Philadelphia, and by the J. K. Lilly gift to the Harvard Medical School.
mixtures of beef muscle and gastric juice were so employed (9) . In 1934, however, Griffiths (10) reported increases in total nitrogen in trichloracetic acid filtrates of digests of normal human gastric juice incubated at pH 6 with beef muscle globulin. He differentiated this activity from that of trypsin and pepsin only on the basis of the reaction of the mixture. Because of the smaller amounts of nitrogen freed by the secretions of patients with pernicious anemia, he pointed out the possibility of identity of this activity of normal human gastric juice with that of the so-called gastric intrinsic factor. Emerson and Helmer (11) subsequently attributed the proteolysis described by Griffiths to a combination of slight peptic activity at pH 6 and differential adsorption of nonprotein substances by the proteins of the digest.
The results of recent clinical observations (9), however, suggest that some essential interaction between beef muscle and normal gastric juice does occur within the alimentary tract of the patient with pernicious anemia. When a mixture of 200 grams of beef muscle and 150 ml. of normal gastric juice was incubated for 6 hours at pH 1.8 or 2.5 and was given daily at pH 1.8 or 2.5 to patients with pernicious anemia, increased blood production failed to occur, but when the mixture was given at pH 5 or 7 following such acid incubation for 6 or for 12 hours, increased blood production did appear. Thus, incubation in this acid medium for 12 hours apparently did not destroy intrinsic factor. Instead, it appears probable that the acid reaction of the mixture, maintained after administration to the patient by the buffering properties of the beef muscle protein, failed to provide the more nearly neutral environment suitable for the essential interaction of the beef muscle and gastric juice. Since the inhibi-335 tory effect of the acid reaction could scarcely have been exerted after absorption of these substances from the alimentary tract had taken place, it was inferred that in the hematopoietically active neutralized mixtures of beef muscle and gastric juice some essential reaction took place within the alimentary tract or, conceivably, in vitro.
Accordingly, a reinvestigation of the in vitro activity of normal human gastric juice at pH 7.4 was undertaken. Washed casein was selected as a convenient substrate. As in former experiments with beef muscle, no significant increase in the amino nitrogen in the digests was observed. However, the increasing turbidity of the filtrates, obtained after precipitation of the digests by trichloracetic acid, drew attention to a corresponding progressive increase in total nitrogen. In a preliminary publication (12) 15 minutes, was filtered through Number 12 Whatman folded paper. No attempt was made to remove the colloidal material present in the filtrates, which were then subjected to micro-Kjeldahl digestion, using potassium persulphate as a secondary oxidizing agent. Subsequently, after alkalinization, the nitrogen was removed by distillation and determined colorimetrically by nesslerization of the distillate.
Ten ml. samples were removed immediately and at intervals for formol titration. The reaction of the formaldehyde solution was such that one drop of N/10 sodium hydroxide would bring 5 ml. of the solution to the phenolphthalein end point. ;After adjusting the reaction of the 10 ml. digest sample to the phenolphthalein end point, 5 ml. of 30 per cent formaldehyde solution were added, the flasks were shaken, and the acid developed was titrated with N/10 sodium hydroxide.
The total nitrogen per 100 ml. of digest produced by the action of the gastric juice or other preparations on casein was calculated by subtracting the total nitrogen of the trichloracetic acid filtrate of the initial sample from that found in each subsequent sample expressed as milligrams of nitrogen per 100 ml. of digest. The amino nitrogen produced was calculated in a similar manner from the initial and subsequent formol titration values.
Results
The effect of incubation of normal human gastric juice with casein solution at pH 7.4. Normal fasting subjects were injected intramuscularly with 0.5 mgm. of histamine phosphate. The gastric secretion was collected during the next hour and kept in the ice box until required for use later during the same day. Samples of gastric juice containing bile were rejected. same donor on different occasions is shown by the results in Experiments 6, 10, 14 and 24. The results of additional experiments in which normal, untreated gastric juice was employed as a control will be found in subsequent tables.
The intrinsic factor of normal human gastric juice is clinically active, as was gastric juice in vitro on casein at pH 7.4 under the following circumstances.
In unpublished clinical observations, we have found that normal human gastric juice after passage through a Berkefeld V filter at a temperature not above 150 C. contains intrinsic factor. As shown in Table II , Experiment 19, gastric juice after such treatment was active on casein.
Flood and West (3) have shown that normal human gastric juice after standing at room temperature at pH 10 for 30 minutes contains intrinsic factor. Similar results have been obtained by Ungley and Moffett (5) . As shown in Table  II , Experiments 33a and 35c, the in vitro activity of gastric juice was retained after such treatment. The activity of an unfiltered portion of the sample employed in Experiment 35c was not significantly greater (cf. Experiment 35a).
Helmer, Fouts and Zerfas (13) have shown that the removal of pepsin and rennin from normal human gastric juice by precipitation with
Hammarsten casein solution at about pH 4.7 allows intrinsic factor to pass into the filtrate, as determined by clinical observations. In making such preparations it is essential to keep the temperature below 100 C. in order to prevent hydroly- Table II , Experiments 24b, 31b, and 32b, after such treatment the in vitro activity of gastric juice on casein was retained. Similarly, we (9, 14) have found that subsequent treatment of the filtrate with basic magnesium carbonate does not destroy the intrinsic factor in the filtrate, as determined by clinical observation. As shown in Table II , Experiments 31c and 32c, gastric juice so treated retained its activity in vitro on casein. The results of control observations with untreated samples of gastric juice are shown in Table II , Experiments 24a, 31a, and 32a. The intrinsic factor of normal human gastric juice as determined by clinical observations, as well as the in vitro actizity of gastric juice on casein at pH 7.4, is destroyed by the follouing procedures.
Partial destruction of the clinical activity of intrinsic factor by incubation of gastric juice at 37.50 C. and pH 2.5 to 3.5 for 2 hours has been observed (7) . Likewise, such incubation defi-nitely diminished the subsequent in vitro activity of gastric juice on casein, as shown in Table III , Experiments 15b and 35b.
Complete destruction of the clinical activity of intrinsic factor by incubation of gastric juice at 400 C. and pH 1.8 for 72 hours has been demonstrated (9, 14) . Likewise, gastric juice so treated showed no significant in vitro activity on casein (Table III , Experiments 15c and 34b). for 30 minutes (9, 14) lOc Boiling S minutes 3.7 3.7 (9) Experiments 15a and 35a demonstrate the activity of control samples of untreated gastric juice. The clinical activity of normal human gastric juice is destroyed by heating to 700 to 800 C. for 30 minutes (9, 14) . Such treatment likewise left no significant activity in gastric juice incubated in vitro with casein (Table III, Experiment lOb).
Normal human gastric juice which has been boiled for 5 minutes (9) no longer contains intrinsic factor, as -determined by clinical observations. Likewise, boiling for 5 minutes destroyed the in vitro activity of gastric juice on casein, as shown in Table III Since the administration of beef muscle alone to patients with addisonian pernicious anemia does not produce hematopoietic effects, it has been inferred that intrinsic factor is diminished (7, 16) or is absent (1) in the gastric secretion in addisonian pernicious anemia. From each of two patients with pernicious anemia 50 ml. of gastric secretion were obtained by prolonged suction. The material in each instance obviously contained bile and when incubated with casein at pH 7.4 produced increases in both total nitrogen and amino nitrogen (Table IV , Experiments 40a and 41a). Since normal gastric secretion purposely contaminated with duodenal contents likewise produced increases in both total nitrogen and amino nitrogen, as shown in Table IV Table IV , Experiments 40b and 41b. Thus the activity of normal human gastric juice contaminated with duodenal contents appeared to be due to the combined action of gastric and duodenal factors, whereas the activity of the contaminated gastric secretion from patients with pernicious anemia appeared to be largely, if not entirely, due to the duodenal contents present.
The clinical activity of intrinsic factor is inhibited by an eivironment more acid than pH 3.5. Clinical observations (9) have shown that the daily oral administration to patients with pernicious anemia of mixtures of beef muscle and gastric juice at pH 1.8 or 2.5 did not lead to the increased blood production observed when such mixtures were given at pH 5 or 7. Appropriate control observations led to the conclusion that this failure was not due to destruction of intrinsic factor, but rather to the unsuitability of the acid environment for the essential reaction between beef muscle and gastric juice, which apparently occurs when they are administered to the patient at pH 5 or 7. Likewise, no significant activity of pepsin-free gastric juice could be detected at pH 2.5 by the following technique.
One hundred ml. of gastric juice were incubated at 37.5°C. and pH 10 for 2 hours. Fifty ml. were then incubated with 50 ml. of casein solution at pH 2.5 for 24 hours without significant effect, as shown in Table V , Experiment 42b. The remaining 50 ml. of gastric juice, however, when digested with 50 ml. of casein solution at pH 7.4, caused the usual significant production of total filtrable nitrogen, as shown in Table V , Experiment 42a. Finally, it is necessary to report a variation between a clinical observation and an in vitro experiment. Helmer and Fouts (18) have recently reported that, as judged by its augmentation of the activity of liver extract in pernicious anemia, one-half to two-thirds of the intrinsic factor of gastric juice is removed by adsorption with Lloyd's reagent. According to the directions of Helmer and Fouts, samples of normal human gastric juice at pH 1.8, and samples at pH 7.4 with and without preliminary exposure to pH 10, were shaken with 10 grams of Lloyd's reagent per 100 ml. of gastric juice. Thereafter the Lloyd's reagent was removed by filtration. As shown in Table VI , Experiments 65, 67, 68, and 70, after treatment with Lloyd's reagent the activity of such preparations of gastric juice in uitro on casein at pH 7.4 was absent or trivial in contrast to the activity of untreated control portions.
Discussion
The foregoing experiments demonstrate the consistent ability of normal human gastric juice to produce from casein solution, upon incubation at pH 7.4, progressive increases in nitrogenous bodies not precipitable by trichloracetic acid. The fact that the gastric juice employed, which was visually, at least, free from bile, did not contain significant amounts of regurgitated duodenal secretion (trypsin or erepsin) is confirmed by the relatively slight production of amino nitrogen (Table II, Experiments 19 and 35a; Table III 67a, and 70a) despite considerable increases in total filtrable nitrogen. Although saliva was undoubtedly present in the samples of gastric juice employed, this secretion alone was shown to be incapable of significant activity on casein at pH 7.4 (Table IV, Experiment 35d). It thus appears reasonable to conclude that the active agent in the samples of normal human gastric contents was secreted by the stomach.
The use of washed casein (which is not vitamin free) as a substrate does not necessarily imply that as such casein is clinically an effective extrinsic factor. That the activity observed was in fact due to the presence of the so-called intrinsic factor has been established only so far as the correspondences between the in vitro observations presented above and the present clinical knowledge of the characteristics of the intrinsic factor allow such an inference. Since, according to Helmer and Fouts, only one-half to two-thirds of the intrinsic factor was removed by Lloyd's reagent, the total removal of the in vitro activity by this reagent in our hands needs further study. It is possible, however, that differences in the content of mucus or of other components of the gastric juice utilized, by interfering with the activity of Lloyd's reagent, may explain the differences in the results obtained.
Since our preliminary report (12) , Dr. Fritz Lasch (19) of Vienna has published the results of independent observations on the activity of pepsin-free gastric secretion on powdered beef muscle and other substrates at pH 5.5 to 6. The gastric secretion of a variety of patients without anemia had significantly greater activity in producing nitrogen in trichloracetic acid filtrates of such digests than did samples of such gastric secretion after boiling. Moreover, filtrates from digests containing gastric juice from several patients with pernicious anemia showed little or no increases in nitrogen. In patients with hypochromic anemia and achylia and in patients with achylia without pernicious anemia the ability of the gastric secretion to produce nonprotein nitrogen agrees with certain clinical observations (20) , demonstrating the presence of intrinsic factor. Thus, further significant correspondences between in vritro and clinical observations on intrinsic factor have been established by Lasch. In connection with work demonstrating that the substance responsible for the blood forming activity of liver upon administration in pernicious anemia is probably an " albumose," Dakin, Ungley and West (21) have recently drawn attention to the work of Glaessner, who in 1902 described proteolytic activity in extracts of the gastric (22) and the duodenal (23) mucosa of the hog. This activity he ascribed to an enzyme which he called "pseudo pepsin." Glaessner found it active on protein in weakly acid or alkaline solution, and stated that the cleavage products contained tryptophane. Glaessner's work was partially confirmed by Reach (24) and Pekelharing (25) . On the other hand, the existence of pseudo pepsin was denied by Klug (26) , while Bergman (27) iden-tified it with erepsin. Subsequently, the finding of trypsin in gastric juice on occasion seemed to explain the proteolytic activity ascribed to pseudo pepsin. Since at that time there appeared to be no known physiological need for such an enzyme, further attempts to prove or disprove its existence were not made. In retrospect, however, the observations of Glaessner now appear to possess a renewed interest. It also now seems probable that Griffiths (10) was correct in reporting proteolytic activity of human gastric juice at pH 6, despite the fact that his work could not be confirmed by Emerson and Helmer (11) . Finally, since little or no amino nitrogen is produced from casein by the action of the gastric juice, the reason for our failure in 1930 to detect increases in the amino nitrogen content of digests of neutral mixtures of beef muscle and gastric juice now becomes obvious. The foregoing observations strongly suggest that some factor in normal human gastric juice when incubated with casein solution at pH 7.4 causes a progressive increase in the amount of nitrogen in the digest, which cannot be precipitated by trichloracetic acid. It is possible that because of the correspondence of such activity with the characteristics of the intrinsic factor, as determined by clinical observation, the same agent may be active in each instance. Certain other explanations must, however, be considered. It is possible that the increase in nonprecipitable nitrogen may have been due to (1) peptic hydrolysis, (2) differences in adsorption upon the protein substrate of soluble nitrogenous substances in different types or preparations of gastric juice (11), or (3) the action of tryptic or ereptic-like enzymes. Finally, it is to be emphasized that since only small increases in amino nitrogen have been observed, the finding of changes in the amount of nitrogenous material in the digest not precipitated by trichloracetic acid, as observed by Griffiths (10), Lasch (19) and ourselves (12), does not necessarily constitute a demonstration of proteolytic activity. Accordingly, with respect to our experiments, these possibilities were examined.
Exclusion of pepsin
Since it is generally conceded that pepsin possesses little activity at pH ranges greater than its isoelectric point (pH 4.7), this enzyme could scarcely have been responsible for the considerable activity observed in our digests at pH 7.4. Further proof of this is afforded by the negative results of incubation of a 2.5 per cent solution of pepsin with casein at pH 7.4, as shown in Table  IV , Experiments 30 and 32a. Moreover, since pepsin is readily destroyed by alkali, the fact that exposure of the gastric juice to pH 10 for 30 minutes did not significantly affect its subsequent activity at pH 7.4 (Table II , Experiments 33a and 35c) would appear to exclude pepsin. Again, after exposure of gastric juice to pH 10 for 2 hours, its activity at pH 2.5, as judged by the Mett's tube method or by incubation with casein, was completely destroyed (Table V, Experiment 42b), though its activity at pH 7.4 on casein was retained (Table V, Experiment 42a).
Exclusion of trypsin and erepsin Since samples of normal human gastric juice were discarded if visibly tinged with bile and since the increase in amino nitrogen from casein was trivial compared with the increase in total filtrable nitrogen (Table II, Experiments 19 and  35a; Table III, Experiment 15a; and Table VI , Experiments 65a, 67a, and 70a), significant contamination with duodenal contents would seem to have been excluded. However, the possibility that the activity demonstrated may have been due to a tryptic or ereptic-like enzyme of gastric origin needs consideration, especially as this supposition formed the basis of some of the objections (26, 27 ) to Glaessner's work. The fact that Northrop (17) has shown that between 70 and 80 per cent of trypsin in solution is destroyed by exposure to alkali at pH 10 for 30 minutes at 40°C. seemed to offer a method of discrimination. This procedure was therefore applied respectively to normal gastric juice, to normal gastric juice purposely contaminated with duodenal contents, and to gastric juice from two patients with pernicious anemia obviously containing regurgitated duodenal contents.
Preliminary exposure of gastric juice to alkali did not significantly affect the increases in nitrogen in trichloracetic acid filtrates of the digests (Table II , Experiments 33a, 35c, and 38c) compared with the activity of digests with untreated gastric juice (Table II, Experiments 35a and  38a) . None of these digests of gastric juice after exposure to alkali, in contrast to those with gastric juice contaminated with duodenal secretion (Table IV, Experiments 37a, 39a, and 44a) , showed significant production of amino nitrogen. Moreover, after exposure of the contaminated gastric juice to alkali, though the production of nitrogen in trichloracetic acid filtrates was not significantly affected (Table IV , Experiment 44a) the increase in amino nitrogen was greatly reduced (Table IV , Experiments 37a, 39a, and 44a). Finally, the gastric juice from patients with pernicious anemia which contained duodenal secretion produced, like contaminated normal gastric juice, increases in both total filtrable nitrogen and amino nitrogen (Table IV , Experiments 40a and 41a). After exposure to alkali, however, the secretion from the patients with pernicious anemia produced little or no total filtrable nitrogen or amino nitrogen on casein (Table IV , Experiments 40b and 41b). Thus, the results of these experiments apparently indicate that the activity of normal human gastric juice demonstrated above is not due to contamination with or to the natural presence of significant amounts of trypsin or erepsin acting in their accepted manner (28) . Further evidence that the activity of normal human gastric juice did not resemble the activity of trypsin or erepsin was found in the fact that some activity is present at pH 5 (Table VIII) . Lastly, confirmation of this fact was obtained from a study of the nature of the digestion products and is presented immediately below.
Evidence for proteolytic activity That differences in the adsorption upon the protein substrate of soluble nitrogenous substances from different types of gastric juice could have been responsible for the wide differences between active and inactive preparations of gastric juice did not seem likely. The very slight production of amino nitrogen, however, left incomplete the demonstration of hydrolysis of the casein by normal human gastric juice. Accordingly, fractionations of the nitrogenous material in the digests by means of certain portions of Wasteneys and Borsook's procedure (28) were made before and after incubation.
Mixtures of 50 ml. of normal human gastric juice and 50 ml. of 1 per cent casein solution were set up for incubation at pH 7.4, as usual. Samples were taken at once and after 24 hours. The total nitrogen per 100 ml. of digest was first determined by micro-Kjeldahl method on a 0.5 ml. sample. The protein and metaprotein were precipitated from a 40 ml. sample by the addition of 10 ml. of 10 per cent trichloracetic acid. After standing for 1 hour, the contents of the flask were subjected to filtration. The difference between the total nitrogen and the nitrogen in the trichloracetic acid filtrate calculated in milligrams of nitrogen per 100 ml. of digest represented the protein and metaprotein nitrogen per 100 ml. of digest. Thirty-five ml. of the trichloracetic acid filtrate were digested on the water bath at 1000 C. until freed from trichloracetic acid. The remaining solution was restored to its original volume by the addition of distilled water and placed in a 50 ml. Erlenmeyer flask. Twenty grams of powdered anhydrous sodium sulphate were added and the flask shaken in order to effect maximal solution. The flask was then placed in the incubator at 37.5°C. for 1 hour and the precipitate removed by filtration. The nitrogen of this filtrate, calculated in terms of 100 ml. of digest, represented the peptone and subpeptone nitrogen. The difference between this value and that for the nitrogen in the trichloracetic acid filtrate, calculated in terms of 100 ml. of digest, represented the proteose nitrogen. In Table VII cant activity with boiled gastric juice. Experiments 52b and 54b demonstrate that previous exposure to pH 10 for 2 hours, though completely destroying pepsin and, according to Northrop, destroying from 70 to 80 per cent of any trypsin present, did not significantly affect the activity of the gastric juice, as had also been shown above in Table II , Experiments 33a, 35c, and 38c.
pH range of activity Experiments to determine the pH range over which activity could be observed were undertaken. A 75 ml. sample of gastric juicie was exposed to pH 10 for 2 hours at 37.5°C. in order to destroy pepsin and to minimize any tryptic or ereptic activity. Thereafter the gastric juice was brought to pH 7.4 and mixed with an equal quantity of casein solution at pH 7.4. A 5 ml. sample was at once removed for determination of the initial total filtrable nitrogen. From the remainder of the mixture 15 ml. samples were removed to test tubes and the reaction of each sample adjusted as rapidly as possible to several values, ranging from pH 2.5 to 10. After incubation at 37.5°C. for 24 hours the amounts of total filtrable nitrogen and of amino nitrogen in the contents of each tube were determined. In Table VIII Discussion The evidence presented above apparently demonstrates that the production of nitrogenous substances not precipitable by trichloracetic acid in digests of normal human gastric juice and casein at pH 7.4 is due to hydrolysis of the casein and not merely to physical changes in the adsorbability of nitrogenous constituents of the digests. The evidence is regarded as consistent with the action of a proteolytic enzyme. The fact that after 24 hours at 37.5°C. relatively little amino nitrogen was produced and that according to a modification of the method of Wasteneys and Borsook the hydrolysis of the casein during this time progressed chiefly to the stage of proteoses and peptones suggests the action of an enzyme resembling pepsin rather than trypsin or erepsin. Indeed, Hunter and Smith (29) have shown that trypsin incubated at 37.5°C. and pH 8 with casein solution unmasks half of the amino groups within an hour. Although the hydrolysis thus re-sembles in its time relations that produced by
